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ABSTRACT
Context. Water megamaser emission at 22 GHz has proven to be a powerful tool for astrophysical studies of AGN allowing an
accurate determination of the central black hole mass and of the accretion disc geometry and dynamics. However, after searches
among thousands of galaxies, only ∼ 200 of them have shown such spectroscopic features, most of them of uncertain classification.
In addition, the physical and geometrical conditions under which maser activates are still unknown.
Aims. In this work we aim at characterizing the occurrence of water maser emission in an unbiased sample of AGN, investigating the
relation with the X-ray properties and the possible favorable geometry needed to detect water maser.
Methods. We have searched for 22 GHz maser emission in a hard X-ray selected sample of AGN, taken from the INTEGRAL/IBIS
survey above 20 keV. Of the 380 sources in the sample, only half have water maser data. We have also considered a sub-sample of 87
sources, volume limited, for which we obtained new Green Bank Telescope and Effelsberg observations (for 35 sources), detecting
one new maser and increasing its radio coverage to 75%.
Results. The detection rate of water maser emission in the total sample is 15±3%, this fraction raises up to 19±5% for the complete
sub-sample, especially if considering type 2 (22±5% and 31±10% for the total and complete samples respectively) and Compton
thick AGN (56±18% and 50±35% for the total and complete samples respectively). No correlation is found between water maser and
X-ray luminosity. We have noted that all type of masers (disc/jet) are associated to hard X-ray selected AGN.
Conclusions. These results demonstrate that the hard X–ray selection may significantly enhance the maser detection efficiency over
comparably large optical/infrared surveys. A possible decline of the detection fraction with increasing luminosity might suggest that
an extreme luminous nuclear environment does not favour maser emission. The large fraction of CT AGN with water maser emission
could be explained in terms of geometrical effects, being the maser medium the very edge-on portion of the obscuring medium.
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1. Introduction
One of the most common maser emission line is from the wa-
ter rotational transition levels 616 and 523, emitting at 22 GHz
in the radio domain. Extra-galactic water masers trace warm
(Tkin > 300 K) and dense (107 cm−3 < n(H2) < 1011 cm−3) gas
(Elitzur 1992; Neufeld et al. 1994). Water maser sources with
an isotropic luminosity below 10 L are defined as kilo–masers,
while at higher luminosity they are defined as mega–masers, the
latter are generally associated to the activity of Active Galactic
Nuclei (AGN), while kilo–masers are more commonly related to
star–formation in the host galaxy1
The activity of water maser emission in AGN has been as-
sociated to three main different phenomena (see e. g. Lo 2005;
Tarchi 2012). A typical triple–peak system of lines is associ-
ated to an accretion disc emission (one systemic, one blueshifted
and one redshifted), whose geometry and rotation velocities can
be traced by Very Long Baseline Interferometry (VLBI, e. g.
Miyoshi et al. 1995; Greenhill et al. 2003a). On the other hand,
the interaction between the radio jet and the molecular clouds or
the overlap along the line of sight between the molecular cloud
and radio continuum emission from the jet could produce wa-
ter maser emission in the form of a single broad redshifted (or
1 This distinction should, however, be used with caution, see Tarchi et
al. (2011a; their Sect. 4.2) and this work (Sect.3).
blueshifted) line (e. g. Gallimore et al. 2001, 1996, Henkel et al.
2005). Jet velocity and density were estimated via reverberation
mapping analysis (Peck et al. 2003). Finally, in the case of the
Circinus galaxy, the water maser emission has shown two dif-
ferent dynamic components via VLBI mapping: one associated
with a warped disc while the other with a wide angle nuclear
outflow (Greenhill et al. 2003a). Outflowing maser components
have been detected also in NGC 3079 (Kondratko et al. 2005).
So far, more than 4000 galaxies have been searched for wa-
ter maser emission and detections have been obtained in about ∼
160 of them (180 if starbursts galaxies are also included, Mega-
maser Cosmology Project, MCP2), the majority being radio-
quiet AGN in the local Universe (z≤0.05), classified as Seyfert
2 or Low-ionization nuclear emission-line regions (LINERs).
The overall detection rate in large maser surveys is rather low
(e.g., Braatz et al. 1997; Grenhill et al. 2003; Van den Bosch
et al. 2016) and is around 3% among sources observed within
the MCP, that mainly targets galaxies selected from large opti-
cal surveys, such as SDSS, 6dF and 2MRS (Braatz et al. 2015;
see also Greenhill et al. 2003b; Zhu et al. 2011). Hagiwara et al.
(2002; 2003), by selecting their targets based on the ratio of ra-
dio continuum to IR (60 µ and 100 µ) flux densities from IRAS
galaxies, obtained a slightly higher detection rate of 8%. That
2 https://safe.nrao.edu/wiki/bin/view/Main/
MegamaserCosmologyProject
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the far–infrared selection favours maser detection was later con-
firmed by Henkel et al. (2005) who found a detection rate of 22%
among a sample of northern galaxies having IRAS point source
flux density at 100 µ greater than 50 mJy. More recently, Kuo et
al. (2018) found that galaxies with water maser detection tend to
be associated with strong infrared emission as observed by the
WISE telescope, thus offering a way to boost the detection rate
to 6-15%. It has also been suggested radio emission as a suitable
indicator for water maser emission (Zhang et al. 2012; 2017),
indeed maser galaxies tend to have higher radio luminosities by
a factor of 2–3 than the non-masing ones (Liu et al. 2017).
Finally, the fraction of water maser detection has been found
to be around 26% in a sample of Seyfert galaxies located within
20 Mpc, suggesting that an observational bias in terms of dis-
tance is also likely to occur (Panessa & Giroletti 2013).
Selecting high luminosity objects might improve maser de-
tection efficiency (Zhu et al. 2011). However, the largest frac-
tion of nuclear water masers seem to be associated with type
2 Seyfert galaxies and high level of X–ray obscuration (Green-
hill et al. 2008), in particular to Compton–thick (CT) AGN 3
(Greenhill et al. 2003b; Castangia et al. 2019). This is in line
with the predictions of Unified Models for AGN (Antonucci &
Miller 1985), in which at larger scales an obscuring torus aligned
with the accretion disc is responsible for the observed obscura-
tion and for the optical classification of the AGN (see Padovani
et al. 2017 for a review). Interestingly, the fraction of CT obscu-
ration increases in disc masers (Greenhill et al. 2008), as con-
firmed by X-ray studies of known disc masers (Castangia et al.
2013; Masini et al. 2016). In order to be detected, maser discs
should be observed nearly edge-on to the observer line of sight,
suggesting a connection between the X–ray obscuring material
and the maser disc. Indeed, masers could trace molecular mate-
rial associated with the torus or the outer regions of the accre-
tion disc. All the different proposed geometries (e.g., Elitzur &
Shlosman 2006; Tilak et al. 2008; Masini et al. 2016) take into
account that long path lengths are needed to produce maser am-
plification, therefore the observer line of sight has to be close to
an edge-on orientation. In this respect, warped discs, as indeed
observed in the prototype NGC 4258 (Herrnstein et al. 1997),
increase the chances of intercepting the line of sight. As a matter
of fact the disc has to be warped to be directly illuminated by the
X-ray radiation coming from the central engine, as envisaged
by the theory of maser production (Neufeld et al. 1994). More
recently, Darling (2017) discussed the interesting possibility to
detect also some water maser sources associated with inclined
accretion discs (more than 10 degrees from edge-on) orbiting
massive black holes via the lensing or deflection of in-going sys-
temic maser features.
Even if higher X-ray luminosity and/or higher column den-
sity objects more likely host masers, so far there is no large sam-
ple of AGN with X-ray data available for target selection nor a
similar type of study have been performed on statistically mean-
ingful basis. This work aims at filling this gap and at providing
some useful means to improve maser detection efficiency by pre-
selecting targets from hard X-ray surveys, which so far are the
less biased in terms of AGN intrinsic absorption.
Throughout this paper we assume a flat Λ CDM cosmology
with (ΩM, ΩΛ) = (0.3,0.7) and a Hubble constant of 70 km s−1
Mpc−1 (Jarosik et al. 2011).
3 Compton–thick AGN are defined as sources with X-ray obscuration
NH > 1024 cm−2, the inverse of the Thomson cross section.
2. Sample definition
In this work we concentrate on a sample of active galaxies se-
lected in hard X-rays (or soft gamma-ray band, defined above 20
keV). This waveband provides a very efficient way to find nearby
AGN (both un-absorbed and absorbed), since it is transparent
to obscured regions/objects, i.e. those that could be missed at
other frequencies such as optical, UV, and even X-rays below
10 keV. Since 2002, the hard X-ray sky is being surveyed by
INTEGRAL/IBIS (Ubertini et al. 2003) and subsequently by
Swift/BAT (Gehrels et al. 2004) at energies greater than ∼ 20
keV; up to now various all sky catalogues have been released,
based on the data collected by these two satellites (see for exam-
ple Bird et al. 2016; Baumgartner et al. 2013 and Oh et al. 2018).
These catalogues contain large fractions of active galaxies, i.e. ∼
40% among INTEGRAL/IBIS and up to 70% among Swift/BAT
sources. Together these two samples provide the most extensive
list of hard X-ray selected active galaxies known to date.
For the purpose of this work, we use the large sample
of AGN extracted from INTEGRAL/IBIS data and only for
comparison purposes we consulted two samples extracted from
Swift/BAT surveys (the 9 month and 70 month ones).
For INTEGRAL, we consider the sample of 272 AGN dis-
cussed by Malizia et al. (2012), added with 108 sources that
have been discovered or identified with active galaxies after-
wards (Malizia et al. 2016). This set of 380 hard X-ray selected
AGN represents our reference catalogue and will be used as the
main input for this work. The main advantage of this sample is
that it is fully characterized in terms of optical class, redshift
and X-ray properties, including information on the X and hard
X-ray fluxes and X-ray column density. Unfortunately, due to the
INTEGRAL observing strategy, this sample is not complete nor
uniform and so to overcome this limitation we consider a subset
of AGN (all included in the sample of 380 objects) which repre-
sent instead a complete sample. This sample, which is fully dis-
cussed in Malizia et al. (2009), is made of 87 galaxies 4 detected
in the 20–40 keV band and listed in the 3rd IBIS survey (Bird
et al. 2007). To investigate for maser emission in the entire sam-
ple of 380 AGN, we consulted the catalogues maintained on the
Web site of the MCP which is the largest and most comprehen-
sive catalogue of all galaxies surveyed for water maser emission
at 22 GHz (Reid et al. 2009; Braatz et al. 2010); the catalogue has
been updated on a regular basis to include all of the new observa-
tions and associated findings. To integrate the MCP data, as well
as to cover as much as possible our sample, we also searched
the literature for report of water maser observations/detections.
Finally, 35 galaxies belonging to the complete sample have been
observed, for the first time, in search for 22 GHz water maser
emission using the Effelsberg and the Green Bank Telescope and
a new maser has been discovered (Sect. 3). Table 1A lists all 380
INTEGRAL/IBIS AGN (see Appendix A for a detailed descrip-
tion).
In Fig. 1 we plot the hard X-ray luminosity as a function of
redshift (in logarithmic scale) for the total sample (left panel)
and the complete sample (right panel), dividing the AGN be-
tween those not observed at 22 GHz (green dots), those observed
(blue stars) and the ones detected (red open polygons). It is clear
from this figure that objects at high redshift and high hard X-
ray luminosity are almost not covered by maser observations.
Furthermore, we have compared the distributions in redshift and
luminosities between the total and complete samples in order
to check if they belong to the same parent population (null hy-
4 We note that one source, IGR J03184-0014, is not considered here as
it was never detected again in subsequent INTEGRAL surveys.
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Fig. 1: Hard X-ray luminosity (20-100 keV) versus the logarithm of the redshift, the green dots are those sources not observed at
22 GHz, the blue stars are those observed and the red open polygons are the ones detected. Left panel: total sample of 380 AGN.
Right panel: complete sub-sample of 87 AGN.
pothesis). A Kolmogorov–Smirnov (KS) test results in p–values
of 0.10 (z) and 0.59 (L20−100keV ), therefore the null hypothesis
cannot be rejected at the 1% level. This suggests that the two
samples could be considered statistically equivalent, i.e., likely
affected by similar biases. We have performed the same test con-
sidering only observed sources in the two samples. The KS test
results in p–values of 0.75 (z) and 0.41 (L20−100keV ), again the
null hypothesis cannot be rejected at the 1% level. We can con-
clude that both the total and the complete samples of hard X-
rays selected AGN with water maser observations are represen-
tative of the local Universe and thus constitute an ideal set where
to study water maser occurrence in nearby super–massive black
holes.
3. Observations, data reduction and results
3.1. GBT observations
We observed the 616–523 transition of ortho-H2O (rest fre-
quency 22.23508 GHz) toward 28 galaxies of the complete IN-
TEGRAL sample with the Green Bank Telescope (GBT), be-
tween March 2010 and January 2011 (projects AGBT10A-042
and AGBT10C-012). We used the 18–22 GHz dual beam re-
ceiver in nod mode, keeping one of the two beams alternatively
on-source during integration. The GBT spectrometer was config-
ured with two 200 MHz IFs offset by 180 MHz, for a total cover-
age of 380 MHz (corresponding to 5100 km s−1 at 22 GHz). The
first spectral window was centered at the frequency correspond-
ing to the recessional velocity of each galaxy and the second was
offset to the red. This setup yielded a channel spacing of 24 kHz
(∼0.3 km s−1 at 22 GHz) per spectral window. We reduced and
analysed the data with gbtidl5. Flux calibration was performed
using standard routines and applying the default zenith opacity
5 http://gbtidl.nrao.edu
and gain curve. The estimated uncertainty of the absolute flux
calibration is ∼20% (for details see the guide for calibrating GBT
spectral line data using gbtidl6).
3.2. Effelsberg observations
On April 15 and 16, 2011, we used the Effelsberg 100-
m telescope to search for 22 GHz water maser emission in
seven galaxies of the complete INTEGRAL sample (3C 111,
IC 4329A, IGR J16482, 2E 1739, IGR J17513, IGR J21247, and
BL LAC). We employed the 1.3 cm primary focus (PFK) re-
ceiver (17.9–26.2 GHz) with an FFTS spectrometer encompass-
ing 100 MHz and 16384 channels. This setup yielded a channel
spacing of 6.1 kHz, corresponding to 0.08 km s−1 at 22.2 GHz.
We observed in a position switching mode, with the off-position
offset by 15 arcminutes in right ascension. Signals from individ-
ual on- and off-source positions were integrated for 120 s each.
The data were reduced using the gildas software package (e. g.
Guilloteau & Lucas 2000). To convert the measured signal from
counts to antenna temperature we utilized the tabulated values
of the noise diode in K. We then applied the normalized gain
curve and multiplied for the standard value of the sensitivity7.
The uncertainty of this flux calibration was derived applying the
same procedure to continuum pointing scans of NGC 7027 and
is estimated to be ∼30%.
6 https://www.gb.nrao.edu/GBT/DA/gbtidl/gbtidl_
calibration.pdf
7 Calibration information for the 1.3 cm PFK receiver are reported in
the Effelsberg Wiki page https://eff100mwiki.mpifr-bonn.mpg.
de/doku.php.
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3.3. Results
During our survey, a new water maser was detected with the
GBT in the Narrow Line Seyfert 1 (NLSy1) galaxy IGR J16385-
2057, on March 28, 2010. This discovery, and hence the line
profile and the characteristics of the water maser emission, has
been anticipated in a previous paper by our team, which was
focused on water maser emission in NLSy1 galaxies (Tarchi et
al. 2011b). Here, in Table 1A, we report the isotropic line lu-
minosity. In Table 1A we also list the 1σ rms and the upper
limit on LH2O for the remaining 33 targets, with the exception
of 3C 273. Indeed, due to the strong radio continuum emission
of the blazar’s jet (S22=27-43 Jy, e.g. Gear et al. 1994), the GBT
spectral baseline is affected by strong ripples that prevented us
to estimate a reliable rms for this source and to assess the pres-
ence (or absence) of an emission line, as a consequence 3C 273
is labeled as ’not observed’ in Table 1A.
Although we could not reach the full coverage of the com-
plete sample at 22 GHz, we were able to bring the number of
sources with water maser observations from the initial 31 with
data in the literature to 65 (34 from our own survey), increasing
the coverage from 36% to 75%.
Within the sample of 34 objects observed for the first time,
maser detection rate is rather low (1/34 or <6%), however this
is likely due to the optical classification of observed sources:
the majority of the objects (26) belong to the type 1 classifi-
cation whereas only 8 sources are of type 2. The only one de-
tected belongs to the class of NLSy1, that indeed seems to have
a large probability to host maser emission (Tarchi et al. 2011b).
In this respect, the fraction of detected maser within these newly-
observed AGN is consistent with the average fraction of de-
tected maser among type 1 objects (see next Sect.). We have
also checked for further biases introduced by the lack of full ra-
dio observation coverage of the complete sample, other than the
known bias against high redshift and luminosity. We have com-
pared the distribution of X-ray absorption and position in the sky
of the observed and non observed sources. The test did not reveal
significant differences between the two sub-samples in terms of
absorption (KS p–value=0.09) nor position in the sky (KS p–
value=0.23).
4. Maser fraction at high energies
Out of 380 objects in the total sample, 193 have been observed
at 22 GHz, only 51±4% of the sample; concerning instead the
complete sample, 65 out of 87 objects were observed at this fre-
quency, providing a coverage of almost 75%.
Considering the total set of INTEGRAL AGN reported in
Table 1A, we found that out of 193 galaxies observed at 22 GHz,
29 have been reported as maser sources; this represents a detec-
tion rate of 15±3%8. To take into account unobserved sources
and thus provide a range of values for the entire sample, we can
take two extreme approaches and assume that, if pointed, all not
yet observed INTEGRAL AGN will turn out to be undetected
at 22 GHz (lower range) or alternatively that all will be detected
(upper range). Under these conditions we find that the detection
rate for the whole sample ranges from 8 to 57%, a rather large
range which nevertheless tells us that the detection rate is in the
worst case higher than generally obtained using large samples
of optically-selected galaxies (Sect. 1). Out of 29 objects with
8 Errors on the fractions have been calculated as
√
NM/NO, where NM
is the number of detected maser sources and NO is the number of ob-
served sources.
maser detection, 6 have a 22 GHz luminosity below 10 L (i.e.,
Mkn 3, NGC 4051, NGC 4151, Mkn 766, Cen A and NGC 6300)
and therefore qualify to be kilo–maser objects. However, some
of these sources have been imaged at high resolution and their
maser emission found to be located within the nuclear region of
the host galaxies. Therefore, given that all our sources are hard
X–ray emitters and can be confidently associated with accreting
supermassive black hole, we confirm that kilo-maser emission
may not only be associated to star formation but also to AGN
activity, as already suggested by Tarchi et al. (2011a).
Considering instead the complete sample of INTEGRAL
sources highlighted in Table 1A, we have 65 AGN observed at
22 GHz of which 12 detected and only 22 not observed: in this
case the detection rate is 19±5% and the range of possible values
is between 14 and 39%.
Given the preference for water maser emitters to be found
in type 2 AGN, we also restricted our analysis to only Seyfert
2 (including intermediate types 1.8-1.9) which are present either
in the total or in the complete INTEGRAL samples. In this case
we find that the sample coverage was 68% (103 AGN observed,
23 detected and 60 not observed) and 88% (29 AGN observed, 9
detected and 5 not observed) for the total and complete sample
respectively: we estimate therefore a detection rate of 22±5%
(range values from 14 to 51%) and 31±10% (range values from
27 to 41%) for each of these two samples.
These fractions are even more remarkable if compared to
those of Seyfert 1 (including also in this case intermediate types
1.2-1.5): 74 objects have water maser observations among type
1 AGN, but only two (i.e., NGC 4151 and NGC 3783) have been
detected implying a detection fraction of around 3%, i.e. similar
to what found within the MCP (see also König et al. 2012). Inter-
estingly NLSy1, which are also broad line AGN but with pecu-
liar characteristics at multi-frequencies with respect to standard
broad line AGN (see e.g., Panessa et al. 2011), show a detec-
tion rate comparable to those of Seyfert 2. In our sample, there
are 9 NLSy1 with 22 GHz measurements and 3 water maser de-
tections (NGC 4051, Mkn 766 and IGR J16385-2057) implying
rates close to 30%. This confirms previous results obtained by
Tarchi et al. (2011b) in a dedicated study of this type of AGN
in which the authors suggest an outflow origin for water maser
emission. Mathur (2000) proposed that NLSy1 sources can be
young AGN residing in rejuvenated galaxies; alternatively, their
peculiarities can be explained in terms of an orientation effect,
ascribed to their broad-line region being observed pole-on (De-
carli et al. 2008). How these two interpretations can be linked to
the maser phenomenon in these peculiar objects is still unclear
but confirmation of high detection rates in NLSy1 indicates that
the issue requires more in depth studies.
To consolidate our overall results we have also compared the
above rates with those obtained from the 70 months (Baumgart-
ner et al. 2013) and 9 months (Tueller et al. 2008) Swift/BAT
samples. These two samples have been selected to be almost
comparable in size with the INTEGRAL total and complete sub-
samples.
The 70 month BAT survey provides the list of all objects de-
tected by the instrument during the first 6.8 years of the Swift
mission and covers 90% of the sky at a sensitivity level of 1.3 ×
10−11 ergs s−1cm−2 in the 14-195 keV band. The sample contains
a large fraction of unclassified sources which may turn out to be
AGN, after proper follow up work; thus our search for maser
detection provides only an indication of the level of maser oc-
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Table 1: Summary of the detection fractions for different samples/sub-samples.
Sample (Number of AGN observed at 22GHz) DF (Detection Fraction in%) DF (Detection Fraction in %)range
INTEGRAL Total (285) 15.0±2.8 7.6-57.0
INTEGRAL Complete (65) 18.5±5.3 13.8-39.0
INTEGRAL Sey1.8-2 Total (103) 22.0±4.7 13.5-51.0
INTEGRAL Sey1.8-2 Complete (29) 31±10 27-41
INTEGRAL Sey1-1.5 Total (74) 2.7±1.9 1.4-51.0
INTEGRAL NLSy1 Total (9) 33±19 20-60
Swift/BAT 70M (285) 12.6±2.1 -
Swift/BAT 9M (114) 14.9±3.6 11-37
Swift/BAT 9M Sey2 (51) 25.5±7.0 20-41
DS optical (89) 23.6±5.1 -
DS optical Sey2(71) 26.8±6.1 -
currence in this large BAT sample 9. As already done for the
INTEGRAL sample, we searched the available archives such as
the MCP and the literature to look for reports of water maser
observations as well as detections for all 822 AGN reported in
the BAT survey. All together we found that out of this sample
only 285 objects (therefore only 35% of the sample) have been
observed at 22 GHz and 36 objects have been detected 10. The
detection fraction is therefore around 13±2%, in perfect agree-
ment with our INTEGRAL results.
The Swift/BAT 9 month catalogue contains only 154 sources
(all of which are identified and optically classified as AGN) and
covers 74% of the sky (only the sky above ±15 degrees in lat-
itude have been considered to avoid galactic object contamina-
tion) at a flux threshold of 5× 10−11 ergs s−1cm−2 in the 14-195
keV band. In this catalogue, 114 objects have been observed at
22 GHz and 17 detected (listed in Table 2A). Only 40 AGN have
no observational coverage at the waveband of interest here. The
detection rate is 15±4%. Applying the same exercise as done for
the INTEGRAL samples (i.e., assuming all unobserved sources
to be either detected or not at 22 GHz) we estimate a possible
range of values between 11 and 37%. If we restrict to only type
2 AGN, we have 65 objects in this sample of which 51 have
been observed, with 13 objects displaying maser emission; this
provides a detection rate close to 26±7%; in this case the possi-
ble range of values is estimated to vary from 20 to 41%, again in
full agreement with the estimates obtained from the INTEGRAL
samples.
Finally, we have compared our results, in particularly those
obtained for type 2 Seyferts, with the optical data set of AGN
discussed by Diamond-Stanic et al. (2009). These authors have
compiled a complete sample of 89 Seyfert galaxies, made of
18 type 1 (1-1.5) and 71 type 2 (1.8-2) AGN all within a dis-
tance of 200 Mpc. The entire sample has been covered by water
maser observations and is therefore a reference catalogue for this
type of studies. There are 21 maser (listed in Table 3A) and 68
non maser sources in this sample providing a detection rate of
24±5%. If we restrict the estimate to only Seyfert 2 galaxies,
9 To search for water maser emission in this set of hard X-ray selected
AGN, we were helped by 3 high school students during a stage per-
formed at OAS/INAF in Bologna in the summer of 2016.
10 Most of these detections overlap with the INTEGRAL ones; the
extra sources are NGC 235A, UGC 3157, VII Zw 073, NGC 3393,
CGCG 164-019, MKN 78, UGC 5101 and M 82 considering that
IGR J16385-2057 and NGC 6926 were only detected by INTEGRAL.
We note that in the case of M 82 the emission above 10 keV is dom-
inated by a few ultra–luminous X-ray sources (ULXs) with a minor
contribution from lower luminosity X-ray binaries (Vulic et al. 2018)
and therefore cannot be attributed to AGN activity.
the detection rate increases only slightly to 27%, again in full
agreement with the estimate provided in this work. The highest
detection rate found in this sample seems to be in contrast with
estimates obtained using other optically selected sample of AGN
(for example in their work, Zhu et al. (2011) quote a detection
rate for Seyfert 2 close to 8%), but this maybe due to the fact that
the Diamond-Stanic et al. (2009) sample is biased in favour of
close-by AGN, mostly of type 2, similarly to the sample investi-
gated in Panessa & Giroletti (2013).
The detection fractions for all samples considered in this
work are summarized in Table 1, where it is clear that hard X-ray
catalogues provide a significant boost of maser detection frac-
tion with respect to large optical surveys (e. g. Zhu et al. 2011;
Braatz et al. 2018), reaching values of at least 15-25%. These
values are also higher than those obtained by specifically tun-
ing AGN selection in the infrared band using different criteria
and combining them together as recently proposed by Kuo et al.
(2018). Furthermore, the hard X-ray selection, beside providing
a catalogue of galaxies with a high probability of maser detec-
tion, it also gives a set of sources with clear evidence of AGN
activity and therefore negligible or null contamination from star
forming objects.
5. Improving detection probability
In Fig. 2, we plot the water maser detection rate in our total sam-
ple (blue stars) and in the complete sub-sample (magenta poly-
gons) as a function of redshift (left panel), X-ray nuclear absorp-
tion (middle panel) and 20-100 keV hard X-ray luminosity (right
panel). For the distribution of water maser fraction as a function
of redshift and column density, objects have been grouped in or-
der to have roughly the same number of observed sources per
bin. For the distribution in luminosity instead this was more dif-
ficult to achieve while still maintaining a reasonable number of
bins, however the uncertainty related to this choice is reflected
in the error associated to each bin.
It is evident that water maser detection decreases as a func-
tion of redshift, from around 40-60% at low redshifts down to a
few percent at higher distances (above z=0.015), in agreement
with the distance bias discussed in Sect. 2 and 3. On the con-
trary the detection fraction increases for higher X-ray column
densities going from a few percent up to 25-40% at a thresh-
old of 1023 cm−2 and reaching 56±18% above the Compton
thick regime in the case of the total sample (50±35 for the com-
plete sample), again confirming that the water maser detection
is favoured among heavily absorbed AGN. Also the hard X-ray
luminosity seems to play a role, although in this cases the er-
ror bars are larger and the scarce observations of high luminous
Article number, page 5 of 20
A&A proofs: manuscript no. WaterMaser_panessa
Fig. 2: Fraction of detected water maser emission versus redshift limited to z<0.04, X-ray column density in cm−2 (central panel)
and 20-100 keV luminosity in ergs s−1 cm−2 (right panel). Blue starred points represent the total sample, magenta polygons are for
the complete sub-sample.
sources may affect this result: a decline of the detection frac-
tion is seen going from low to high luminosities, maybe an in-
dication that an extremely luminous nuclear environment does
not favour maser emission. Indeed, as discussed in Castangia et
al. (2013, and references therein), for large nuclear bolometric
luminosities or environments particularly exposed to strong X-
ray radiation, H2O maser emission at sub-parsec distances form
the nucleus of the galaxy may be hampered because the inter-
stellar medium is mostly atomic and/or the dust grains (where
water is thought to be often formed) are destroyed. If this sce-
nario is correct, while maser emission can still be produced at
larger distances, the innermost (hundredths of parsecs) masing
action would be prevented. In addition, an increased bolometric
luminosity might decrease the maser emissivity by reducing the
difference between gas and dust temperatures (Kuo et al. 2018),
from which the volume rate of maser photon production signifi-
cantly depends (Gray et al. 2016).
Fractions for the total and the complete sub-samples are con-
sistent within errors and trends are confirmed for the two sam-
ples. However, the statistics is limited by the small number of
data sets, especially for the complete sub-sample.
6. Maser type of INTEGRAL AGN
Most maser detections reported in this work have been discussed
in the literature and their maser type analysed in previous works
(see type and relative references in the notes of Table 1A). In the
following and in Table 1A, we have considered as disk, outflow
or jet maser, sources for which the maser class is either fully as-
sessed or just suggested on the basis of observational results; for
these last objects only follow-up, mainly interferometric VLBI,
continuum and spectral line studies can confirm water maser as-
sociation with AGN activity and maser type.
Only 6 sources in the sample of 29 maser detections (IGR
J05081+1722, NGC 3081, NGC 3783, NGC 5643, NGC 6300
and ESO 103-G35) have no associated maser classification; in
Appendix B we attempt to provide some indication on the pos-
sible nature of these sources and implicitly discuss their most
likely maser type. As seen from Table 1A water maser classifi-
cation generally refer to one or, in some case, two components,
such as disc plus outflow or jet.
Excluding these 6 sources from our sample of AGN with
22 GHz detection, we notice that similar numbers (12-12) of
objects have disc (or evidence of disc) and jet (or evidence of
jet) water emission; outflow or evidence of outflow emission is
present in 7 sources. Despite the uncertainties involved in water
maser classification, it is evident from the present sample that all
types of masers are likely associated to INTEGRAL AGN and
that discs masers are not necessarily the dominant type. Thus
hard X-ray surveys offer also the opportunity to probe masers of
different types.
Finally we note that all optical narrow line AGN (including
type 1 and NLSy1) have maser type likely related to jet and/or
outflows emission and none is apparently associated to accretion
discs. Type 2 AGN instead seem to display all types of water
maser: out of 24 Seyfert 2 detected, 12 have emission partly or
totally associated to a disc, 8 to a jet and only 3 to outflow. Maser
sources associated to edge-on (i = 90±10 degrees, see Sect. 8)
discs are most likely, and not surprisingly according to the Uni-
fied Model, found in type 2 AGN.
7. Maser vs non maser INTEGRAL AGN
One main question still unanswered in extragalactic maser astro-
physics is related to the conditions that lead to maser emission in
only a fraction of AGN; it is therefore reasonable to ask whether
water maser galaxies have special intrinsic properties in terms of
X/hard X-ray luminosities and absorption, relative to apparently
similar galaxies without detected maser emission.
According to theory, high energy radiation coming from the
central part of an AGN could heat the circumnuclear gas temper-
ature to values suitable for maser emission (Neufeld et al. 1994);
in this case, we expect a relationship between the maser lumi-
nosity and the X-ray/hard X-ray luminosities. Indeed Kondratko
et al. (2006b), studying a sample of 30 water masers AGN found
such a relation (LX ∝ L0.5H2O), where LX is the unabsorbed X-ray
luminosity in the 2–10 keV band; the significance of such cor-
relation improved by limiting the sample to disc masers only.
However, the relation still presented a large scatter, likely due
to a dependence from different parameters, such as the mass ac-
cretion rate, the ratio of X-ray to bolometric luminosity and the
well known X-ray and maser variability (in the latter typically of
the order of tens of per cent, e.g., Maloney 2002 and references
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Fig. 3: Logarithmic water maser luminosity versus 20–100 keV (left panel) and 2–10 keV logarithmic luminosities (central panel),
expressed in ergs s−1 cm−2. Water maser luminosity versus the logarithmic X-ray column density in cm−2 (right panel). Magenta
empty polygons are water maser detected sources, blue arrows represent water maser luminosity upper limits.
therein). Indeed, this relation seems to be weak or absent in more
recent studies even considering only disc maser sources, i.e those
in which the correlation is expected to be stronger (Castangia et
al. 2013).
A more direct estimate of the AGN radiation field is pro-
vided by the hard X-ray luminosity, which is the least affected in
terms of nuclear absorption; this information is available for all
our objects and has never been employed before in a correlation
with the maser luminosity. In Fig. 3 (left and middle panels) we
therefore plot the isotropic water maser luminosity as a function
of both 20–100 keV and 2–10 keV observed luminosities. Ap-
plying the regression analysis to only the detected sources, the
Spearman’s Rho correlation coefficients result in 0.16 and 0.10,
providing a 2-tailed probability of 0.42 and 0.59 respectively,
therefore the association between the two variables should not
be considered statistically significant. The sources of scatter as
discussed in Kondratko et al. (2006b) analogously applies to our
relations.
Finally we note here too that the range of hard X-ray and
X-ray luminosities of detected maser cover a similar interval as
non maser AGN, therefore no evident luminosity threshold could
be identified as maser activator above L2−10keV ∼ 1040 ergs s−1.
In addition, the sensitivity of 22 GHz surveys is not a limit for
maser detection since luminosity upper limits are also found at a
factor of ∼ 10 to 100 below detections.
As discussed by Zhang et al. (2006), a correlation between
water maser luminosity and X-ray absorption (roughly LH2O ∝
N3H) is also expected for idealized saturated maser emission (as-
suming no velocity gradients in the maser region). In this case
the value of the exponent is determined by the luminosity in-
creasing linearly with the column density and the surface of the
masing cone growing with the square of its lengths (e.g., Kylafis
& Norman 1991). In Fig. 3 (right panel), we display the isotropic
water maser luminosity as a function of the X-ray absorption for
maser and non maser sources; again considering only detected
sources, the resulting Spearman’s Rho correlation coefficients is
0.37 with a derived 2-tailed probability of 0.05, suggesting that
the association between the two variables could be considered
statistically significant only marginally. Again confirming that
the X-ray obscuring medium is associated with the masing ma-
terial.
While an interpretation based on the different maser types
would be interesting, this, given the variety of maser types in our
sources, would reduce the number of sources tested, weakening
the significance of such relations. In addition, the large complex-
ity of the different maser components introduces a source of dif-
ficulty in the interpretation of such correlations.
8. Water masers in Compton thick AGN
Of the 21 objects of the total sample in the CT regime, 8 have
no maser detection, 10 have maser detection and 3 have not been
observed yet. Therefore we have a roughly 56±18% chance of
detecting maser emission in the Compton thick AGN set selected
in the hard X-ray band (see also Sect. 5). This is in line with the
noticeably large fraction of water masers (50%) found by Cas-
tangia et al. (2019) studying a sample of heavily absorbed AGN,
including CT sources, selected through a combination of mid-IR
and X-ray data. We note that all CT AGN in the INTEGRAL
sample show evidence of an association with discs (sometimes
accompanied by jet and outflow components), except for Mkn 3
which is tentatively associated to a jet origin only (indeed a core
plus jet component is seen in the radio continuum maps of this
source, Chiaraluce et al. 2020). If we exclude Mkn 3, the fraction
of disc masers in CT is 50±17%. What is interesting here is why
some sources are able to develop strong maser emission while
others are not, in other words if all Compton thick AGN are po-
tentially water maser emitters, the question is why only half are
able to reach luminosities high enough (above 1033 erg cm−2 s−1,
see Fig. 3) for the current generation of radio receivers.
Masini & Comastri (2017) have estimated the expected disc
water maser detection fraction among type 2 Seyferts in a
volume-limited survey to be of about 10% to 20%. This value
has been obtained by comparing the torus and maser discs cov-
ering factors (see their equation 2.1) and assuming that a maser
disc is detected if the line of sight angle ranges between 90±10◦
with respect to the polar axis and defining the probability of de-
tecting a maser disc in a type 2 AGN as the ratio of the maser
disc covering factor with respect to the torus one. We could in-
vert such assumption considering a covering factor for the CT
part of the torus as derived from X-ray arguments (Ricci 2017)
to be ∼ 23% (also in agreement with IR arguments, e.g., Hönig
2019) and using the information on the ratio between the water
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maser and CT covering factors to be 50%, to finally derive the
expected maser disc inclination angle to range between 82 and
87 ◦. These values are in agreement with the observed disc an-
gles in well known disc masers (Kuo et al. 2011; König et al.
2012), confirming the idea that the masing disc is only a portion
of the total CT medium (for a sketch of the possible geometry
discussed here see Fig. 2 in Masini et al. 2016). The maser cov-
ering factor could be considered as a lower limit if we assume
the presence of warped discs that should increase the probabil-
ity of intercepting maser emission (Darling 2017). Similarly, the
known water maser variability could contribute to a possible non
detection if the masers flux goes below the instrument sensitivity
and therefore to an underestimate of the covering factor. Other
effects contribute to our uncertainties in these estimates, for in-
stance X-ray scattering in clumpy media could dilute the true
line–of–sight column density, and thus prevents us from deriving
unbiased orientation information (Ramolla et al. 2011). Despite
the uncertainties involved, it is important to stress that the 50%
detection fraction in Compton thick AGN can, in principle, be
explained in terms of a geometrical effect (i.e. proper opening
angles of torus and maser disc and their relative alignment) and
may not be due to peculiarities of individual objects.
9. Conclusions
Notwithstanding the valuable science that can be derived for
AGN and cosmological studies, water megamasers are rarely
found in galaxies surveys (e.g., Braatz et al. 2018). In this work,
we have selected a sample of hard X-ray AGN detected above
20 keV by INTEGRAL/IBIS and searched for water megamaser
emission among them, both in literature and through our new
dedicated observations (where one new maser detection has been
obtained). Among the 380 sources belonging to the sample, only
51% have been observed at 22 GHz and in 15±3% of them a de-
tection has been found. We have also considered a sub-sample
of 87 sources, limited in volume and statistically complete, find-
ing that the detection fraction raises up to 19±5%. The majority
of the observed sources are at low redshift and this is reflected
by the observed detection fraction that decreases with increasing
redshift, likely introducing a bias in our sample.
So far, the detection rates observed in large surveys of opti-
cally selected galaxies were around a few percent, boosted only
by carefully selecting smaller samples on the basis of IR (8-22%;
Hagiwara et al. 2002, 2003; Henkel et al. 2005) or a combination
of mid-IR and X-ray data (50%; Castangia et al. 2019). There-
fore, the hard X-ray selection provides among the highest rates
ever observed so far.
These fractions increase in type 2 Seyfert galaxies (22±5%),
in particular in CT AGN where ∼ 50% of them host water maser
discs. This clearly indicates that the X-ray obscuring gas is re-
lated to the maser dusty medium. A comparison between the
covering factor of the CT obscuring medium and the fraction
of water masers in CT sources confirms the idea that the masing
disc is possibly only a portion of the CT obscuring medium and
that an edge-on line of sight (i> 82 ◦) is required for the water
maser emission to be detected.
A possible decline of the detection fraction is observed as
the hard X-ray luminosity increases, suggesting that a high lu-
minous nuclear environment might not favour maser emission.
However, this result can be confirmed by completing the sample
observations at higher luminosity. On the other hand, no signif-
icant correlation between the water maser and X-ray and hard
X-ray luminosities has been found, while the marginally signifi-
cant correlation between the water maser luminosity and the X-
ray column density simply reflects the connection between the
X-ray obscuring and the masing media.
All types of water masers are found by the soft-gamma ray
selection of sources. Interestingly, of the few water masers de-
tected in type 1 AGN, all of them are jet/outflow candidates,
while in type 2 AGN all type of masers are detected, suggest-
ing that the dusty water maser medium is not solely associated
with a classical obscuring torus, but could also reside in polar
outflows/jets, implying a more complex geometry as envisaged
by recent IR interferometric studies (see Hönig et al. 2018).
Overall we can conclude that hard X-ray samples of AGN
provide the opportunity to enhance significantly maser detection
efficiency over previous surveys, reaching extremely high
detection fractions (up to 50%) by targeting type 2/heavily
absorbed AGN which are nearby and in an optimized luminosity
range. The discovery of new heavily absorbed sources with
the increased sensitivity of the ongoing INTEGRAL/IBIS and
Swift/BAT surveys together with the wealth of new sources that
the eROSITA survey (Merloni 2018) will discover below 10
keV will offer the possibility to largely increase the samples for
future water maser searches and, hopefully, detections.
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Appendix A: Tables with the total sample, detection
fractions in Swift/BAT and Diamond-Stanic
samples
Table 1A lists all 380 INTEGRAL/IBIS AGN with their optical
coordinates, redshift, class, hard X-ray (20–100 keV) flux, X-
ray (2–10 keV) flux, X-ray column density, a note to indicate
if the source was observed or not at 22 GHz, which maser type
was detected and relative references. Finally, for those sources
for which maser emission was detected, we also list the reported
water maser isotropic luminosity and the reference to the maser
data; for objects observed at 22 GHz but not detected, the 1σ rms
and an upper limit to the maser luminosity are reported. Objects
belonging to the complete sample are highlighted in boldface in
Table 1A for clarity.
In Table 2A we report the 17 detected sources from the
Swift/BAT 9 catalogue with their names, optical classification
as type 1 or 2 AGN and coordinates. Analogously, in Table 3A,
the 21 AGN detected at 22 GHz from the Diamond-Stanic et al.
(2009) sample have been reported.
Appendix B: Maser Types
Among INTEGRAL AGN with maser detection, only 6
sources (IGR J05081+1722, NGC 3081, NGC 3783, NGC 5643,
NGC 6300 and ESO 103-G35) have no associated maser type
yet. Here we discuss each source individually providing some
clues on their most likely maser type.
IGR J05081+1722 is interesting from many points of view.
It belongs to an infrared-luminous interacting pair of galax-
ies, characterized by a luminosity for the whole system
(made of a combination of star formation and accretion) of
log(LIR/L)=11.2. The system is at an early-stage of merger
(11.3 kpc distance) and is known to host an AGN optically clas-
sified as Seyfert 2 plus a normal galaxy. The AGN which is also
the component in the system that displays water maser emis-
sion hosts molecular outflow and probably also a disc wind (Ya-
mashita et al. 2017, Ballo et al. 2015). NGC 3783 is one of the
most intensively monitored Seyfert galaxy at high energies. It is
known to exhibit UV absorbers plus a series of ionized X-ray ab-
sorbers, variable in time (Fukumara et al. 2018, Mehdipour et al.
2017), generally interpreted as associated to a strong obscuring
outflow in the nuclear region. Contrary to other sources in our
sample, both IGR J05081+1722 and NGC 3783 do not display
strong X–ray absorption (the column density in both is around
1022 at cm−2) suggesting that their water maser emission could
indeed be associated to jet or outflow. Since no clear jet emis-
sion seems to be present in NGC 3783, but only a diffuse radio
emission on tens of pc-scales (Orienti & Prieto 2010), the out-
flow remains the only option; in IGR J05081+1722 the situation
is less clear but the outflow is a viable possibility to explain wa-
ter maser emission also in this source.
Indeed, single-dish maser spectra for these sources11, are con-
sistent with an outflow origin. In particular, the maser emission
in IGR J05081+1722 is blueshifted with respect to the systemic
velocity (by ∼ 100 km/s) and appears to consist of a handful
of narrow components sitting on a broader feature. The maser
spectrum in NGC 3783 is instead characterized by a group of
narrow features, close to the systemic velocity of the galaxy.
Clearly, without high-resolution follow-up studies, the nature of
the maser cannot be uniquely assessed.
11 As shown in the MCP webpage
NGC 6300 and ESO 103-G35 are type 2 mildly absorbed
AGN with column density around 1023 at cm−2. NGC 6300 fea-
tures a slightly resolved radio core at arcsecond resolution with
extension in the southern direction (Morganti et al. 1999) plus
evidence for a complex molecular hydrogen structure made of
an edge-on outflow superimposed on a rotating disc (Davies et
al. 2014). ESO 103-G35 does not show evidence for a radio jet;
furthermore an in depth analysis of the galaxy optical properties
brought no clues on the origin of water maser emission includ-
ing no evidence for outflows (Bennert et al. 2004). Despite this,
the source has been reported in X-rays as the site of a highly
ionized outflow (Gofford et al. 2015). As in the two previous
cases, the interpretation (among others) of an outflow origin of
the water maser emission does not conflict with the shape of the
maser spectra12 for both NGC 6300 (Greenhill et al. 2003b) and
ESO 103-G35. In both cases, emission is detected close to (or
slightly redshifted w.r.t.) the systemic velocity of the target, and
is comprised of a very small number of narrow features (one in
the case of ESO 103-G35) placed above a broader component13.
Finally NGC 5643 and NGC 3081 are heavily absorbed ob-
jects (with NGC 3081 being also Compton thick). In these ob-
jects nuclear discs are likely to be the site where maser emission
develops. Indeed recent observations with ALMA of NGC 5643
(Alonso-Herrero et al. 2018) have resolved at the parsec scale a
massive rotating disc/torus of molecular gas with strong non nu-
clear motion features associated to radial outflow in the disc. In-
terestingly the maser emission seems to be centrally located with
respect to the inner (nuclear) part of this structure, which is also
tilted with respect to the larger scale disc. The inner structure
of NGC 3081 has instead been mapped with the Gemini Multi
Object Spectrograph (GMOS-IFU) (Schnorr-Müller et al. 2016)
and found to host an even more complex structure albeit at the
kilo parsec scale: this includes rotation in the galaxy disc plane,
a bipolar outflow from the AGN, non-circular motions along the
nuclear bar, and an interaction between the bipolar outflow and
the disc gas. Both objects thus resemble the well known maser
sources NGC 1068 and Circinus galaxy where water maser disc
emission is coupled to jet/outflow maser radiation thus suggest-
ing a similar interpretation also for NGC 5643 and NGC 3081.
From the single-dish spectrum alone14, due to its relatively low
signal-to-noise ratio, it is not possible to infer a secure hypoth-
esis on the nature of the maser in NGC 3081. The maser in
NGC 5643 (Greenhill et al. 2003b, and MCP webpage) indicates,
instead, a redshifted (50–100 km/s with respect to the systemic
velocity) emission, constituted by a relatively broad feature with
two or three peaks, possibly due to a blending of features. Spec-
ulatively, the maser could then be either associated to a jet (a
diffuse radio jet on both side of the nucleus is indeed visible in
a high sensitivity VLA image (Leipski et al. 2006)) or to a ro-
tating structure of which we are only seeing the redshifted lines
or the systemic ones, when accounting for a large uncertainty in
the reported target recessional velocity.
As mentioned before, however, confident clues on the
association of the maser emission with the AGN activity and
on the maser nature of all six objects must await follow-up
(interferometric) studies. In particular, all these maser sources,
with the exception of ESO 103-G35 (∼ 460 solar luminosities),
have moderate maser isotropic luminosities: four targets have
12 As shown in the MCP webpage
13 A somewhat different spectrum of ESO 103-G35 is, however, shown
in the detection paper (Braatz et al. 1996), where emission form a sin-
gle, 20-km/s wide line is shown, clearly redshifted by ∼ 100 km/s with
respect to the systemic velocity.
14 Shown in the MCP webpage
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Table 2A: AGN in the BAT 9 month survey sample with water maser detections
Name (class) RA(J2000), Dec(J2000) Name (class) RA(J2000), Dec(J2000)
NGC235A(2) 00 42 52.81,−23 32 27.7 NGC4945(2) 13 05 27.28,− 49 28 04.4
Mkn348(2) 00 48 47.10,+31 57 25.0 NGC5128(2) 13 25 27.61,−43 01 08.8
MKN3(2) 06 15 36.31,+71 02 14.9 NGC5506(2) 14 13 14.87,−03 12 27.0
NGC3081(2) 09 59 29.54,−22 49 34.6 NGC5728(2) 14 42 23.90,−17 15 11.0
NGC3783(1) 11 39 01.78,−37 44 01.7 NGC6240(2) 16 52 58.97,+02 24 01.7
NGC4051(1) 12 03 09.62,+44 31 52.8 NGC6300(2) 17 16 59.47,−62 49 14.0
NGC4151(1) 12 10 32.66,+39 24 20.7 ESO103-G35(2) 18 38 20.30,−65 25 41.0
Mrk766(1) 12 18 26.48,+29 18 14.0 3C403(2) 19 52 15.82,+02 30 24.3
NGC4388(2) 12 25 46.93,+12 39 43.3
Table 3A: Maser Galaxies in the Diamond-Stanic et al. (2009) sample
Name (class) RA(J2000), Dec(J2000) Name(class) RA(J2000), Dec(J2000)
NGC1068(2) 02 42 40.70,−00 00 48.0 NGC4258(2) 12 18 57.62,+47 18 14.0
NGC1386(2) 03 36 46.24,−35 59 57.0 NGC4388(2) 12 25 46.93,+12 39 43.3
NGC2273(2) 06 50 08.67,+60 50 44.8 NGC4945(2) 13 05 27.28,−49 28 04.4
NGC2639(2) 08 43 38.09,+50 12 19.9 NGC5128(2) 13 25 27.61,−43 01 08.8
NGC3081(2) 09 59 29.54,−22 49 34.6 Circinus(2) 14 13 08.90,−65 20 27.0
NGC3079(2) 10 01 57.80,+55 40 47.2 NGC5506(2) 14 13 14.87,−03 12 27.0
IC2560(2) 10 16 18.71,−33 33 49.7 NGC5643(2) 14 32 40.70,−44 10 28.0
NGC3735(2) 11 35 57.33,+70 32 08.1 NGC5728(2) 14 42 23.90,−17 15 11.0
NGC3783(1) 11 39 01.78,−37 44 01.7 NGC6300(2) 17 16 59.47,−62 49 14.0
NGC4051(1) 12 03 09.62,+44 31 52.8 NGC7479(2) 23 04 56.67,+12 19 22.4
NGC4151(1) 12 10 32.66,+39 24 20.7
luminosities only slightly above the paradigmatic threshold
that separate kilo and megamasers (35, 20, 17, and 13 solar
luminosities for IGR J05081+1722, NGC 3783, NGC 3081,
and NGC 5643, respectively), and one objects, NGC 6300 (∼
3.5 solar luminosities) is below that threshold. While this is
still consistent with an outflow-related origin of the maser
emission (Tarchi et al. 2011a, discuss an analogous origin for
the water maser detected in a sample of NLSy1 that, indeed,
have similar luminosities to the present ones), an association
with star formation activity for these masers, especially for that
in NGC 6300, cannot be a priori ruled out.
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